Introduction
In the last few years, there has been considerable interest in evaluating the effect of vitamin and trace mineral (VTM) supplement deletions from both swine and poultry diets. Mavromichalis et al. (1999) reported minimal effects on finishing pig performance, carcass traits, or muscle quality from 28-to 30-d deletions of VTM supplementation. Earlier work by Patience and Gillis (1995; 1996) also revealed no significant differences in performance or carcass traits from either 17 1 Appreciation is expressed to D. H. Baker for technical advice and for evaluation of this manuscript; to B. Bohling, B. Duncan, J. Droll, S. Bohlen, J. Bierman and J. Duncan for animal care and diet preparation; and to Roche Vitamins Inc. for financial support and vitamin E analysis. 
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backfat. However, there was a greater than 75% decrease (P < 0.001) in vitamin E content of longissimus muscle from deleting VTM for 6 or 12 wk. Trial 2, a 3 × 2 factorial arrangement of treatments involving three VTM regimens and two genders, was conducted for 12 wk with 306 pigs. Average initial weight of pigs was 58 kg. The VTM regimens were identical to those used in Trial 1. Each treatment consisted of three gender replications of 17 pigs per pen (0.66 m 2 ), and all diets were unmedicated. Overall, pigs fed diets without VTM for 12 wk had lower (P < 0.06) ADG than those fed the control diets. Vitamin E content of the ham muscle was reduced by greater than 50% (P < 0.001) when pigs were fed diets without VTM for 6 or 12 wk compared with those fed the control diet. Concentrations of copper in ham muscle were reduced (P < 0.05) in pigs fed diets without VTM. These data suggest that deleting VTM during the finishing stage markedly lowers the vitamin E content of pork muscle.
or 35 to 36 d of VTM withdrawal. The riboflavin level in pork muscle, however, was reduced when supplemental vitamins were deleted from the finishing diet (Patience and Gillis, 1996) . In broiler finishing diets, riboflavin was also reduced in breast muscle from deleting supplemental riboflavin during the 42-to 56d finishing period, although there were no effects on weight gain or feed efficiency (Patel et al., 1997) . Other work by Kim et al. (1997) revealed no significant effect from a 45-d withdrawal of VTM supplementation on finishing pig performance or meat quality factors, such as color, firmness, and marbling. In contrast, Spurlock et al. (1998) observed a significant reduction in growth and feed intake from withdrawing VTM supplementation during a 44-d period. To our knowledge, there are no published reports of finishing trials conducted in which VTM supplements were deleted over a 42-to 84-d period to determine their effect on performance and tissue nutrient concentrations.
The objectives of our trials were 1) to compare performance of finishing pigs fed diets without VTM supplementation for 0, 6, or 12 wk before slaughter and 2) to determine the effect of these VTM deletions on muscle nutrient concentrations and carcass characteristics.
Materials and Methods
General Procedures. Two trials were conducted with 558 finishing pigs. The pigs were housed in an openfront grower-finisher building with 65% slatted and 35% solid concrete floors. Pigs were allotted to treatments from outcome groups based on ancestry, weight, and sex in randomized complete-block designs. One self-feeder (five feeder holes) and one nipple waterer were provided in each pen. Environmental temperatures in the building ranged from 15 to 22°C during the trials. The experimental positive-control diets for both trials were formulated to meet or exceed the nutrient requirements of 20-to 110-kg pigs (NRC, 1998) .
Animals. Crossbred pigs from the Kent Feeds's research farm resulting from the cross of Pig Improvement Company (Franklin, KY) Line 355 males and Camborough 22 females were used for both trials.
Protocol and Design for Trial 1. Two hundred fiftytwo finishing pigs were used in a 3 × 2 factorial arrangement of treatments involving three VTM regimens and two stress regimens. There were three replicates (pens) per treatment. Each pen contained eight gilts and six barrows. Pen dimensions were 5.6 m (length) × 2.0 m (width). With 14 pigs in each pen, the space allocation per pig was 0.80 m 2 . This trial was begun on December 23, 1997 and ended on March 17, 1998.
The two experimental diets (Table 1) contained 14% CP and 0.76% lysine. One of the experimental diets contained supplemental VTM that exceeded the NRC (1998) recommendations for finishing pigs. The other experimental diet was devoid of any VTM supplement. Both of these experimental diets, however, had similar levels of calcium, phosphorus, and salt that exceeded the NRC (1998) recommendations, and were fed in meal form. One of the VTM regimens involved feeding finishing pigs the diet with VTM supplement for 12 wk, at which time the pigs were marketed. The second VTM regimen consisted of feeding these pigs the VTM diet for 6 wk and then feeding them the diet lacking VTM supplement during the final 6 wk. The third VTM regimen involved feeding pigs the diet devoid of VTM supplement for the entire 12-wk period. The experimental diets were formulated by using a commercial supplement (consisting of soybean meal, meat and bone meal, corn distillers dried grains with solubles and wheat middlings as protein sources, major minerals, medication, but devoid of supplemental trace minerals and vitamins) along with dicalcium phosphate, limestone, salt, and corn. The diet containing VTM supplement was fortified by adding these trace nutrients at the expense of corn. All of the diets were medicated with 33 mg/kg of bacitracin methylene disalicylate (Alpharma, Inc., Ft. Lee, NJ). The stress regimens consisted of leaving half the treatments in their origi- nal pen location or moving the other half of the treatments to a new pen location every 3 wk.
Protocol and Design for Trial 2. Three hundred and six finishing pigs were used in a 3 × 2 factorial arrangement of treatments involving three VTM regimens and two genders (barrows vs gilts). Three replicates (pens) were used per treatment. Each pen contained 17 pigs. The pens were 5.6 m (length) × 2.0 m (width), and, with 17 pigs per pen, the space allocation per pig was 0.66 m 2 . This trial was started on June 9, 1998 and completed on September 1, 1998.
The composition of test diets is shown in Table 2 . The diet fed to barrows was formulated to contain 13.2% CP (0.70% lysine), whereas the diet fed to gilts was formulated to contain 14.8% CP (0.83% lysine). Diets were fed in meal form and contained calcium, phosphorus, and salt levels that exceeded NRC (1998) recommendations. The three VTM withdrawal regimens were identical to those outlined for Trial 1. The diets were formulated by using a commercial supplement along with additional limestone, dicalcium phosphate, salt, and corn; VTM supplements were added at the expense of corn. Medications were not included in any of the diets.
Diet and Tissue Analysis. Crude protein analysis was determined by the combustion method (%N × 6.25; AOAC, 1996) . Calcium and phosphorus values were measured by flow-injection analysis (Hambleton, 1977) . Salt was determined as soluble chloride (Cotlove, 1963) . Zinc, copper, and iron analyses (wet muscle basis) were measured by the flame atomic absorption spectrophotometric method (AOAC, 1996) . Vitamin E analysis was determined (wet muscle basis) as DL-α-tocopherol by the method of Liu et al. (1996) .
Carcass Analysis. All pigs were slaughtered at the end of the 12-wk test period. Average slaughter weight was 117 and 112 kg for Trials 1 and 2, respectively. Last-rib midline backfat depth was measured and longissimus muscle areas were traced (Trial 1) on each carcass by employees at IBP, Inc., Columbus Junction, Iowa. The backfat, longissimus muscle area, and pH measurements were taken 24 h postmortem. An NWK Binä r pH-K21 meter (NWK-Binä r Soft und Hardwareentwicklung GmbH, Landsberg, Germany) was used to measure pH in the gracilus muscle of the ham. Longissimus and ham (gracilis) muscle samples were also taken 24 h postmortem and frozen for Trials 1 and 2, respectively. Fat-free lean index (Trial 1) and percentage lean (Trial 2) were also reported by IBP for each pig. Dressing percentage was calculated by dividing hot carcass weight (head removed) by live BW times 100.
Statistical Analysis. Each pen of pigs was the experimental unit for all statistical analyses. All data were subjected to analysis of variance using the GLM procedures of SAS (SAS Inst. Inc., Cary, NC).
Results
Trial 1. The stress regimens did not result in any significant depressions in performance. Therefore, the data across the stress regimens were pooled in order to show the main effects of feeding finishing pigs the control diet (adequate in VTM supplementation) compared with either a 6-wk or a 12-wk deletion of VTM supplementation (Table 3) . Feed efficiency (6 to 12 wk) was improved (P < 0.05) in finishing pigs fed diets with VTM supplement compared with those pigs in which the VTM supplements were removed for 6 wk. In addition, the vitamin E level in longissimus muscle was reduced (P < 0.001) 77% from withdrawing supplemental vitamins for 6 wk. There was also an unexpected decrease (P < 0.05) in zinc concentration of longissimus muscle for pigs with VTM supplementation as opposed to without supplementation for 6 wk. No other differences (P > 0.05) occurred for carcass traits or tissue nutrient concentrations from removing VTM supplementation for 6 wk. Withdrawing the supplementation for 12 wk resulted in a 75% reduction (P < 0.001) in vitamin E concentration in longissimus muscle. Gain and feed efficiency (6 to 12 wk) were improved (P < 0.10) 8.1 and 5.1%, respectively, from VTM supplementation compared with none for 12 wk. There were no other treatment effects (P > 0.05) on tissue nutrient concentrations, carcass traits, or performance from removing VTM supplements for 12 wk.
Trial 2. Because there were no significant performance interactions between the VTM regimens and sex, the barrow and gilt data were pooled in order to show the main effects of the various VTM treatments. Thus, finishing pigs fed the control diet (adequate VTM) were compared with those fed diets with VTM supplements deleted for 6 or 12 wk (Table 4 ). Removing VTM supplements for 6 wk resulted in a 49% decrease (P < 0.001) in ham muscle vitamin E concentrations compared with those of pigs that were fed diets with supplements. Muscle copper level was also reduced (P < 0.01) in pigs fed diets without VTM additions for 6 wk. During the 6-to 12-wk period, pigs fed diets with VTM supplements had increased (P < 0.05) weight gain and greater (P = 0.07) feed intake than those without supplements for 12 wk. Furthermore, pigs fed diets with VTM supplements, as opposed to those without supplementation for 12 wk, had a 7.6% greater (P = 0.06) weight gain and a 5.2% greater (P = 0.10) feed intake. Muscle vitamin E concentration in pigs fed the diet lacking VTM supplementation for 12 wk was markedly (P < 0.001) lower (61%) than was the case for pigs fed the diet with supplements. Muscle copper level was also reduced (P < 0.05) in pigs fed diets without supplement for 12 wk. There were no other significant treatment differences.
Discussion
Vitamin and trace mineral supplementation in finishing diets in Trial 1 resulted in a threefold increase in the concentration of vitamin E in longissimus muscle compared with pigs that were fed diets devoid of supplemental vitamin E for either 6 or 12 wk before market. In a 35-d vitamin withdrawal study by Patience and Gillis (1996) , a 23% increase in riboflavin concentration of longissimus muscle resulted from feeding diets with 9 mg/kg of supplemental riboflavin compared with feeding diets that were devoid of added vitamins. Patel et al. (1997) reported a 76% increase in riboflavin content from supplemental riboflavin (5 mg/kg) as opposed to feeding a deficient level (0.5 mg/ kg) during the 42-to 56-d posthatching period in broilers. In a pig study not involving trace nutrient withdrawal, Corino et al. (1999) reported vitamin E concentrations in longissimus muscle were increased 50% following feeding a high level of vitamin E (300 mg/ kg) vs a low level (25 mg/kg) for 60 d in the late finishing period.
We reevaluated the effect of VTM withdrawal in Trial 2 but removed the bacitracin methylene disalicylate because in the manufacture of this compound there could have been vitamin contamination resulting from the fermentation process. Moreover, based on previous work done with crowded pigs (Edmonds et al., 1998) , 0.66 m 2 per pig (Trial 2) created more stress than 0.80 m 2 (Trial 1) and thus provided conditions more typical of those in commercial swine practice. Over the 12-wk test period, pigs fed diets with VTM supplement had a 7.6% greater weight gain (P = 0.06) than those without the supplement. Thus, overall responses to VTM supplement approached statistical significance in pigs housed under more stress- ful conditions in Trial 2. As observed in Trial 1, there were substantially higher concentrations of vitamin E in ham muscle from the pigs fed diets with VTM supplement compared with those in which supplement was withdrawn from diets for 6 or 12 wk. Patience and Gillis (1995) revealed that there were no differences in finishing pig performance from removal of VTM supplement for either 17 or 36 d. Further work by Patience and Gillis (1996) also showed no difference in pig performance when vitamins were omitted from the diet for 35 d. Removal of VTM supplementation for 28 d (Mavromichalis et al., 1999) resulted in no significant differences in gain or feed efficiency, whereas feed intake was significantly greater for pigs fed the diets with VTM supplement. In another trial by Mavromichalis et al. (1999) , withdrawing VTM supplementation for 30 d showed no difference in finishing pig performance. The studies by Mavromichalis et al. (1999) used modified open-front facilities (50% solid concrete and 50% slats), that were somewhat similar to our facilities, and all their diets were medicated with tylosin. In a study (Kim et al., 1997) involving a longer VTM withdrawal period (45 d), finishing pig performance was also unaffected. However, in the work by Spurlock et al. (1998) , VTM withdrawal for 44 d from individually fed finishing pigs resulted in a significant decrease in gain and feed intake.
The copper levels in ham muscle were significantly reduced by withdrawing dietary trace mineral supplementation for 6 or 12 wk in Trial 2. In fact, total dietary copper level in the supplemental VTM diet was roughly 30 times greater than that in the VTM withdrawal diet, and this may explain why the muscle concentrations were increased from supplementation. This increase in copper concentration occurred in ham, but not in longissimus muscle. In contrast to the effects on copper levels, there were no significant differences in the iron levels in muscle from withdrawing VTM supplementation. This could be explained by two reasons, one of which would be that the added iron from VTM supplements only raised the total iron content of the diet by roughly 2¹⁄₂ times the NRC (1998) recommendations. In addition, iron level in the diet devoid of VTM supplement was actually above NRC (1998) recommendations, primarily due to the high level of iron in feed-grade phosphate (Baker, 1989) .
In our trials, no significant differences were observed in carcass lean, backfat levels, or dressing percentage from withdrawing VTM supplement for 6 or 12 wk. These data agree with several studies (Patience and Gillis, 1995; Mavromichalis et al., 1999; Kim et al., 1997) in which withdrawing VTM supplementation for 17 to 45 d also had no significant effect on these carcass variables.
Vitamin E levels in pork are important to shelf-life of the edible product (Buckley et al., 1995; Dirinck et al., 1996) . Moreover, the antioxidant properties of vitamin E are beneficial to human health (Hodis et al., 1995; Rimm et al., 1993) . Copper, too, is often con-sidered a marginal nutrient in the human diet (Klevay and Medeiros, 1996) . That both longissimus and ham muscle from pigs fed no VTM supplement for either 6 or 12 wk were shown to have substantially lower levels of vitamin E is an important consideration for those in the pork industry who may choose to reduce feeding costs by removing VTM supplementation during all or part of the finishing phase. Likewise, the lower level of copper in ham muscle of pigs fed no VTM supplement for 6 or 12 wk is a finding that should not be overlooked.
Implications
Finishing pigs fed diets devoid of supplemental vitamins and trace minerals had markedly reduced muscle vitamin E content in both longissimus muscle and ham as well as copper concentration in ham as opposed to those fed diets with adequate vitamin and trace mineral fortification. In order to optimize the nutritional quality of pork, supplemental vitamins and trace minerals should be provided in the diets of finishing pigs.
